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(57) 

J; o €> L < {*7L<Dfi!iaJLX^1-<0^ U 6 ^ i?* L 




1 

wmm(ommy]m. lo 

rcmmximi^natm^-^^mt^xmomnc. mm. 20 

m^mu mimm(Dmmmo:>mmmmi¥m^mm 

cw««5] Mfsms©iaip<oME#«t3tm Mia 
mt^jMt. mm 5 (omrmo-^^m^Lx Jim 

cfc ■^xmsmwmDmmmximmmimmhrcm 40 

MtSP* fc^J:?L©Jgg|5©MtH^ 4 ©A' 'J TM^ItS 

liTLcDjSSPOMIB^ 4 ©A^'J 7M$lt*bTTS©SB^ 
)i©MiB«l*^Sffl$-&§XS=&ff 5 C ii^^itii-rs 
B»#« 4 fBS©*»»g«®Sig^& 

8 ] wfiB^ 5 ©/^ 7Mtc|fitBI«ng|5^JFM L 



!|#M2 0 0 2'-6 4 1 4 0 
2 

Cll«« 9 ] lulB^ 5 ©/ ViJ rMKMIBMng|5^}^^-r 

t^. m-<D-^y^i'^m^^xmmmKn^ ct^mmt 

[f**« 1 0] MIBf^Pg|5/?)^?^^*tifclutB^ 5 ©/^U 
7ll^TX^'©-gl5i:LT^ MIB*lil#^^cMI3?iX}± 

mMm 1 1 ] mmm 5 ©/^u 7jii±t^ 1 (o^t^-m 
^mM:t^xmt. mm 1 (oits.~m<o-m^m^hx 

rcmmmxim.Kmtmm^wm. m 1 ©^^-n 
^it^-r^xsi^ftn-r^^ iritis ii-rsw^a 

5. 8. 9Rt?l 0©]t^'r*Xft^fc|B«©¥S#:Sg© 
[115^:^1 23 fliffB^i©^^-ll;^'^7>i'©-g|5i;t 

mimi 3] m.ms<Dmrmm\c.m2<n>^^'- 

imjmf^xm:mmu m^2©^^5-^%'7x^ 

©-g|5i: tr. fui^i^f*)ltluiB?i*> L < tiTL^J^^ 
r^XWno^t^mW.ht^mMM5. 8. 9Rtf 
1 o©v>-rn)b^KiB«©¥#»SB©®ig:^So 
mim i 4] iilB«**5t«^-&5g|5^^*^. ^i:wiB 

}i©jsgi5ic«^^n/-c:?Li:T«sn5<it%#iiia-r 
mim. 1 7!»M 1 3 ©v^-rnA^tciB«©¥?!if*«g© 

4fBm©*»#«B©siS73S. 

Htm:«l 6] MfB^3©A'J7M*^~»#T^^^ii i:;& 

#mi:-rs««a37^M 1 5©v^-rnA^-tcfB«©¥« 

«^g©S!}i5?& 

Cii«si 7] mmm(om^. mmt^MtmiKDfm 

l3«©*»l*Sfi©S5im 

8] ME?i©'IS;&^ l?|g^t-?.«^:St©ffi|iB 
O^ji^lcMIB^ 3 ©/^y 7)l©WIBS«iJiiM-iJ(^i^tt§ 

9] MIB?i©±ffi©||g^SffiJ:•3l£<^ *^ 

(tiuiBm 3 ©/'{'J rm<Dmmmmwm\z^^f^m^ 

6 iB«©¥«i*:S«©Sig:^^o 
[W^2 01 fflFi3ll3©/^y 7Jl*^J^#:T*fe5Ci 



3 

(D^mcmdm 3 <D^^ u rm<ommmmmmic^''f^ 
m'S <fe 0 ^his < ini-r « t :^imt-r^m^m zom 
m<D^m»mm<ommy3mo lo 

Clt««2 4] MfB^3©/^U7ll*^#»S.lf^i^© 

m--icmm(o^mi^mm(Dmmmo 20 

ri iiiii: ©Kia©¥^lcMtfi^ 3 ©/i U ril©lul3?iiJ 
MWfi!ltcfcnt«MIBmi^ft:©i?^ i:fl3fB«iBag>T-i)lcfc' 

m^©BB|gll©±JiX{*TS©I^S©#i!^g|5i:^^«M 

©^/^'rn^>;^)V^u7li•t?at>n. MiBEif^©Beii 
)i©MfBieiai©±ffis.tfTffiic/^ i; rMA^i^nx 

mMZ 9] MIB»#:fiiM^adMIB^^U7ll*^»f* 
■p«^$tiSC i:%#ll[i:-r5»5l?«2 8lB«©**«: 

C»i«3 0] MEBBiS*f©!li!6^ Hd^-rsPirMi:© 50 



#^2 0 0 2-6 4 1 4 0 
4 

HB©*^*^ 5 MlB«f*:©fl!l®ffiil5a MIB/ ^ U 711 

(om^mw^fcmi:. o^tv^c fc;g'!|tisi:'rsi»*«2 

[tt««3 1] Mffigsatt©*@*^^ ^^^^^iijit© 
Mi®©¥^*^sMiB#ft©iiffi>tffly*«5ME/^u rm 

9iBtt©*»ft^Bo 

[W«S3 2] MIBiB^«ffl!lffi*a^/^U7M*^l6it#: 

Ta^stis c fc^^f^i-r^m^s 2 8 E«©*^ 

[wi«3 3] M^iB^#©liA^ gis-r^»i:^^© 
WPR©*5^*^etffffi?»f*:©ifBafrfi8«S5 MIB/t U rm 

2lB«©*#i4:^»» 

mimz 4] MIBBBM*^©®*^, Pi?-r§»fcp2:© 

Mmz 8im<D^m^mmo 

©MIBIfei^^*©!* *© 2 fgi; SfflBSft©* «>t?lv^fcffi 
j;i3;^tv^iii:*#iii;-rs«*S3 5ffi«©#»ftg 
Bo 

©MIB»^4^©)?^*?!v^fc«<fc O/Jv^i^^e: i;*1f mtf 
Stt^3 5«®©¥?lfl^Bo 

[0 001] 

[0 0 0 2] 

mmonWll ««IiISS©IH«K{±7;l/5-e7A 
(A 1 ) t>L< HA 1 Ba«IP^*5 ckt^gS^SWte 

nygiffcM (s i 02) *^j£<fflv^e.nTtfeo 
miMKitm (c u) i}\ mmmmM(oim<^rcmm 

[0 0 0 3] Gu:feifiK^)-i:-r§S3^li::&V^T«s S^U 

(s i ) -^s i 02^{ii;i6i:-r§^iiJltf{c:fett 
§ c u (D^mb^k 1 J; t) fe^v^/c46. h 9 y-J7.^mt 

ifE^{f:i?j&ji5i/^-e^i«ft^5i«-r5fci6Jc^ c u©^ 



5 

vm^mmtmmf^-e$>^o txm mi enrnmi 

s^mr^^xtcomm^mmt^o mi enmmi 9 it. 

[0 0 0 4] S'r> mi 6 (a) K^t^viil. fiiJffi* 
/^U7M4T«t)tlfcC u^<DIBM# 1 tmm^2 tX 

(b) ) . V V^^^^-r-fci^/^^f-ci^^m S 
??ttx>y j;oTlfei^M 5 ©-gP^ltSL (0 1 

6 (c) ) . 7V)rm4(D-mm.^t^ct 

K<fct). l^?ifeL<{iEm^m-rS (HI 6 
(d) ) o 

[0 0 0 5] ^<D±mmr-. Ecxi,mwi}^^^^^^^v 20 
rme^mm (Hie (e) ) . cu^mt^ m 

16 ( f ) ) o Mc. it^mmm ( C h e m 1 c a 1 
Mechanical Polishing:CMP) 

xmmm'i> l < immumfommrj: c u^^* 

L (HI 6 (g) ) s ll#{C^iiJ^/t'J7)l6^lt*^ 

(016 (h) ) , mmx^^^^^'^vrms^m^t?, 

<itx\ rm^^xfmm^m#x&^/^vrm6x\ ± 
m^wmmx&^^^v Tmx8mt>nrccummMti^ 

mtitmh^^t. ymtrj::§,mu^^^^c umm3t so 

ff^MW.i^x&^f-i'y (T i) . ^y^)V (Ta) . ^ 
y^T^T-y (W) !S:^<D^*:feJ;t?^©i({tti. Sfctt 

[0 0 0 6] <:€)«iifc45(/^tt*. ym<fmmi^±. 

;«)'«^fio-r. xP^'hav^^^P- 5/3> (Elect 
r o-m i g r a t i o n : EM) }cM-ri.ii»tt*Mg< 

[0 0 0 7] EMa. « 



#M2 0 0 2-64 1 40 
6 

m 1 *'?EMK<fet5TM*tT»fM©SHJl*5. Sfc. 
6 il±cDE^$J 7 E Mtc j; o TM^-T § ii hifmm 

[0 0 0 8] ±ffi<DaM*/^'jril*#ia^3iir«jiJc®H 

•r§«®Mi:{gEMBtt^®M^ MM-r^fefet^iti. ± 

u rii©»;&^LTjSffi®/^u r^^it* LTA^e c u 

ftT^*<Tt.mv% W^ff. 1 0-92924^ 

3b\ #IB¥ 0 9- 32643 3 j;t?#P^¥ 1 1 

-1 4 5 1 3 8#^^^tfi»ft:t#^L^Vv'?iJTM* 
Xy9^/l<y^-r§^S*^M^*nTi/^§o *^c. #Sfl¥ 

1 1 -2 38 79 4^1^1it{i, f%^)Twmrm\\cMm 

m^m^t^C. t X\ U 71ix-y^/^y ^^^fCfiSK^ 

c u tTmt(Dmm&^BULx. cMPtfett^ 

[0 0 0 9] UTit. mM(0/^Vrm3::-y^^'^yiflti: 

§eusas«jicij^^7?j*tot/vT. HI 7^fflv^Tii 

fljf^o HI 7 (a) tc*5t/^Ts ilffi^CC-efi^ftci; 

ne^i/viu 7^ 3 ±ffi^^ii!|^-^?fe^/<u rm 4 
mfctifc c u§©iB^# 1 tm^m 2 t-ewsg^n^ 
TSE^i5;{,^fflS*n§o HI etmmiz. dogp^a 

«3i-e^^o mhrmi e (a) ~ (d) araaicDx 

§ (Hi 7 (b) ~ (d) o CcD^^ffie. CC 
■e{i#fti:lie.«:Vv^U7)l6^^)iL (HI 7 
(e) ) . M:5ttx>yf-y^'ta;oTXyg=-/^y^'-r?. 

rme^m^-r^ mi 7 (f ) ) o com. ±mKc 
u^^L (HI 7 (g) ) . cM?}c^-oxmmm^ 
L < itmmim^o^mfi c u ^i^stt (h 1 7 

(h) ) . l^ii*ms/^';7«8^^ll-r52:J:T\ 

mm^mwt n e. ^ u 7M e -e. ±M^*6^M-efe 
§^^U7K8T«?3n. f}'-D±m-rm(Dm'^ic/vjr 

^*:0-^^vvCuES«3iAW^^n§ (HI 7 

( i ) ) b 



7 

[0 0 1 0] 

TV''5/^';Tisi^xy^/w^-r5¥?ta. hi tics 

[0011] UTK. ci©ffig-rn(DB#icov^rH i 
8^m\^^xm.mt^o mi hi 6tmm(o. m 

mmrj:^Biif^?>rcit>. ccximMithm\ hi s 

[0 0 1 2] ±»CDSBi^*t7f*> ±S*«5iiMO^^Ur 
M 8 -e. Tffi:feAtfi!lffi^3i#:T'SS/'?U TUB "eg*? 

u TMT^a^tiTfc- D ^ ffig-rnfc <fc o t c u ga^giJ 

ti^}K<.m^^^nx\^^^:k^r^Mmx^^o ht^U HI 
9 tei^«n$<fc H 1 7 i:l^^®lgtc:fevvTfeB 

fti*^^ufc#a-©«j^e5K#&n5«ji (Hi 9 

( i ) ) xit±Ec u(OTm<D-mc/^v rmxm^n 

[0 0 1 3] ^p>ic, se^fiiB^^ititetb'^T/^urM 
U U T^©»S»»v^S<fc i 5 lJ(^^©*i«{iM 

'ZMxh^o Ltctfi^Xs mmmmoimi^fi^-oxmm 
[0 0 14] :$imm. ±mmmmcm^xrj:tnrc% 



(5) #P20 0 2-64 1 40 

8 

So 

[0 0 1 5] 

mmximop^mmwmtmmi^^Mmvxmm 

m^mm<DmmysmK^^^x. mmiommmTmim^ 
10 ■^n^mmm<Dmmm»^m<mB^m»m±mic^ m 

[0 0 1 6] *fc. :^mmi. ^i¥m=?-bmmtLrc 

^^mLxmrnm^mmt^rm^m^mu mmmm 

2<D/^vrm^m^i->i>xm^Mmr^i><^x-&^o 

20 [0 0 17] :^mmizm^xit. wmm^(Dmmm(om 

ttx >y =f-y ^Ic j; o Xmt?MmW?^±.mRXSmBMXit 

mtm^tt^^tf^xt^o 
[0 0 1 8] Sfc^ *^^^^fe^^T{^^ Mffims©gB^ 

30 mw5±t^m4(D^^vrm^^m^xmt. mm4 

mm-^^^xmt^mmTm!^tt^ct%x^?,o 

[0 0 19] Sfc. *^B^tfel/^T«. MBB3f^©S2^ 

^t^m 5 ©/^u rm^m^t^xmt. ^ 5©/^u 

[0 0 2 0] Sfc. *%B^ti. *##:*?*^)^fig$nrc 
40 »S±K. |feii^*)lPf3©?iX«7LrSHM«<!:^§»i*:*^ 

3f^©Elg»©±«X{iTS©BB^©#<*:g|55i'i: 

[0 0 2 1] ;:©j;9io. ^^Bm^ mmm(o^mmK 
^h^xit. /^^--y^Kmf^&.mtnff^^\:'X^. 

50 €>mmtrj;^f^vTm> ^fe^cffe^jb^cfeKiS^ix^© 



(6) 

9 

C002 2] 

[0 0 2 3] 01 (a) lC:feV^T, ilffiAV^UTMST* 

afctifc c u ^©ffi^tf 1 1 . ±ffi^/^ u rm 9 -esfe 
^^n-5TiiB3»AWic$ n^o Eieic^-ra-rn 

to 0 2 4] C©±lCiSg^li5^^ML mi 

(b) ) . *6K/^yriii o%^«-r^ (hi so 

(c) ) . vv^''7y^~ic^^f^^--y^'(D 

S;^ttX>yf-^i^'}C<feoTMUTMl 0©-gi5%^ 

*L (01 (d) ) . 'SibicWmmsto-^m^^^ir^ 
mi (e) ) o /^UTll4(D-§|5m*t5 

u ^T'SB^pfe b < {ji^a^j^fiit-r^ (0 1 

(f) ) o iio>mmicmfm6^m^ mi 

(g) ) ^ S:^ttx>yf-y^li:J;oTx-yf-/^yi/-r?. 

rji6*^*-r« (HI (h) ) . dorn. ^Mtccu 40 

%^lt (HI (i) ) . CMPtc:j;oTgB®SfeL< 
aBBillLJ-;^^1-cD*mGu*lt^^ (HI (j) ) . Ife 

fcgi54^iiT^«^«n-s c ugas«ag*w^s-n§ (H 1 

(k) ) o 

[0 0 2 5] -rm<DwmMi(Dm(ommm5\z 



2 0 0 2 - 6 4 1 4 0 

10 

[0 0 2 6 ] il d ±EtDT)iK^*a 5 4 

cDx^y iB»gi5^Ma-r5^^'; rue ©X>y 

#RtLTBiB^-r§o H2 (a) ~ (e) tC*5t/^T. Hi 

(a) ~ (e) tmm<Dxm^mrcm. $-r\ /^utm 

6^^L (H2 (f) ) > x<yf^/'?y^'tTA^6> (H 
2 (g) ) . /^i)r)i4*X>y^>^-rS (H2 
(h) ) o d(Dm. HI (i) ~ (k) t[pI«(DI@[C 
J;oT. HI (k) aS{^ra«©«jg§»^cii:*^-e* 

5 (H2 (k) ) o c<om^. ±m<Dmm7mm<o-f 
m'^^^v rms xik^ < u rm 4 1 * o rmmt 

[0 0 2 7] dcD:^^T{i. /*?yTli6«)x<yf-/^-y^' 
micAV TM4^x^y^y^^t-smtit'<. ±S<DBB 

ii# 7 (Di^mmm^xrm<Dmwm 1 ^sttj^-^-rie-r 
mm < . ^fxn^:^micmf?>mmmmii e<db 

LpL, /^U7K4tDx-yg^y^^t(i:«^ 

so/^u 1 ot>x'y 9^:/^"^mc^f e,^n§fci6. 

m rm 1 0 i:^^UrSi 4 <D;:r.y^ymz^if^mUit 

[0 0 2 8] nvrm4(Dx.-y=f-y^icm^r/'^ 
vrm 1 o#xy f-y^*"$ns*$A^MMTt*v^«^ 

mim^x. /^u 7114 ©x>yf-ymicii*-r§Ji* 
^K^h.xj^^T^^nffh^o --jfjx. i.mof'^vr 

m 6 ©x>y f-/^>y ^lOtc;^'; 7M 4 ^x>y f-y ^"T §^ 
MlC^V^Ttt. /'?U7)ll 043*tf^M5. feL<(i 

t) ^mmmimm^trnM^^v rm 4 *x>y ^y^' 
•r§t:i:jb^T'#. /^uriii 0£Di^a5^®a«^m 

[0 0 2 9] Sfes x-y^/^y^f^M^-^feS/'vUr 

micmLx. xy ^/ty ^^(DSTjffiA^^^oMgifi 

7jii:T«©ffl!iffi**^^--r^^^u 7M%ii-^ trx 
m^^mitt^ctti'^x^^o coysmic-oi^x. hs 

^#figtriK^§'rs<. H3 (a) icfeV^T, iail#l 2: 

l6i^S2 43j;t?i^#cDratlfe^K2©±g|5^a5/^ 

msn^ymmm^mm'$n?>o m i Rxfmz mm 
ic, ii(Dm'^itTmicmmtn^TmKi:-oxm^tti 

^±mtmm<Dmmxh^o 

[0 0 3 0] C<D±immi^5^m^L (H3 

(b) ) , UVi^77w~fc<fcS/'?^-x>'if0^, m 



11 

y i-y9\z ^ 5 L (H 3 

( c ) ) . y TH 4 <D-gP^lt*t § C ^ TIB 

S?ft.L<aiBm^Jgfi!c-r§ (0 3 (d) ) o 

^sffiic/^ume^^b (03 (e) ) . mn 

§ (03 (f) ) o 

[0 0 3 1] C tr\ /tUTIS60fiai^lC43tt5liil^a 

HetcMLT. ^MJu4oltS («S»cDMjP) / (SM 
gpjSffi^liJ?) (Dtb;?)^ x>y^/^y^^© («^»<Dx 
-yf-y^'MS) / (g?Mgl5«ffi©x>y^y^MJ*) t.^-^ 
r>%.fmmz.-^^m.. x>y ^/Vy t j;oTSMg|5JS 

m 6 ^ c t immmh ^ (h 3 »^ 20 

Cu^^Mt (03 (g) ) > GMPJCcfcorffi^life 

L < tiiam«^^©**J^ c u ^wm. m 3 

(h) ) . «gi^%T'355/^'J7ll8^^)l-r§il^T\ 

K3Tm«3nfcgi5^i:T'«^sn^ c xx'^mmmm 
(03 ( I ) ) o 

[0 0 3 3] W±(DlB«fi. TWCiaeSiM&E^^ 30 
y^fi/^'^l^y (Single Damascene) 

VS/y (D u a 1 D a m a s c e n e) S|fcMl/T*^ 

[00 3 4] 0 4 a. 01 i:ra«®¥ffi^xa7;l'^^'v 
S/>KjifflLfct)®-e25«o 04 (a) K^3V>t, fliffi 40 

y rm 9 t:«t>nfc^iyi 2 ^ne^igp^ad 

yrM4i:T'«^^?i}aSTPiB**gP*^mji:^n5o ^<t> 

^^©lfeiSM5%sg^L (04 (b) ) . $6tc±S©ia 

aiSgp^Mai- 5 d i: K^s/^y rm 1 1 ^^t-s 
(04 (c) ) o ^(o±.\c±.mwmtr^^wmm^ 2 
*^^Lfdi (04 (d) ) > mrmi o^m^t^ 

(04 (e) ) o 

[0 0 3 53 ^K, yye^v7'('-icJ;5v^^-xy^ 50 



#M2 0 0 2"-6 4 1 4 0 
12 

^S^ttx>yf-y^^tJ;oT. /^UTJll 0 il^iSM 1 

2, l3i;i>v^yTffii 1 ai§5igas 50-^95*^* LT± 

«iBil8ji^;±)l-THffl^Si^'rsg^m^ffMt (0 
4 (f) ) . SSicTSC u|BMJ;ffi^a3/^y7!i4 

©smsmgp^*it*-rs (04 (g) ) o 

Wc/^yrM6*^Mm (04 (h) ) . S73ttx>y^ 

^'i'lc j; o rx>y =f-f%y^t^z. Uz^ K) . w&mtim 

xsmmmiL-^^^mrm^^mit^ (04 

(i) ) o 

[0 0 3 6] iicD^. ±m\tc\xm(owm!s7^im\^ 

(04 (J) ) . CMPfca;oTffi«iji*.b<(*E«S?L 

«^^o^sij*c u*it*ft (04 (k) ) . mmmx'^ 
^mrm s^^mir^ z. tx\ wm\z!^ y rimix 
-^■f. ir-Dmm^ir<xf%^)rmxm.t>nrcC uumm 

m.ii^W'J&t^^ (04 (1) ) o Celt?. yvi^57i' 
^?lJeffi{i/^yrii9i<:j:oTSM*ns/5:a6, C uic 

[0 0 3 7] $fc> 05{i. 02 hnrnfo^mifp-T 

<. 04 (a) ~ (f) tnm<DXm<D'ik (05 (a) 

~ (f) ) . ^tm7m%^m:h (05 (g) ) . 

x-y^/^yi'LTA^e. (05 (h) ) . /iyrM4^x 
.yf-y^fS (05 (1) ) o C©^. 04 (j) ~ 

(I) tnm(DiM\z.x-DX. 04 (1) tis.\£nw.<o 
mm.^m^^tpx^^ (05 (o ) <> 

[0038] t <D-^mKi:tiii. 0 1 fcjlt^«0 2 <DM 

6t:ii:^</^yrM4tJ;oTMattl§<, /^y 
rM6©X>y9"/^>y^Mtc^^yrii4%X'y^y^-r§ 
^^fcJt-^. J::®<DjS8g*t7©^liItmf$-eTB©l^ 

/ ^ y 7^ 4 ® X y ^ y ^^{c ^ V rm 1 
otcijD^T. /^ymi 1 «>x>y9^i/^^mc5p.^ti 
^fcfe. z^yrni o:fe<j;ty^^yTMi i ^^vrm 

i2«gT'35 So /^y rm 4 ©x^y i^tc:i3v^T/^ y rm 

1 043j;tf/'?y7Ml 1 A^x>yg^>i''Sn.SJ¥^*«I 

T'^«:i/>*^fc». /vjrmi ofe^ty/vyrm i« 

c u©asi[^i*ih-r§{c*^s^M»ic:iin^r. mrm 
4 ©x>y 5=-y^^tM^-rs)*$*mjiA.-e^-r§ie^ 

[0 0 3 9] c:CT\ *lliSS©m^K*5l^T{*. ±«*^ 

ffMsnSs •r^t^-s^'^y 7M4 t. l < ti/^ij 7^8*^ 

^$n§ M»« 2 L < 1 2 ©IB^g)5 

^&Lm±mK/^ y 7M 9 1. l < a/^ y 71s 1 0 a^'i^ 



(8) 

13 

ir^ctt. c u ^micmmm^<r)mmK^^ v rm i 

4 (e) if^mi (g) K:SS*T*©Uy^97'r-t 

mmiii'-fht.mmT^imit^j:^ . sfc/^u i o 

« C M P Mco C u t ©^«S i: ^ §gi5^^^^M6^fc^M 
}jm^m\z. C M P m*-r §«^®M%^Lfc fe 
<DT^5c 04 (a) ~ (e) fcP^ClS©^ (06 
(a) - (e) ) , ^5-^1 3;&^ffifc^^L (06 

(f) ) , y}W7i ^~\u^'^f\^~-y^}Lmh% 

mm 1 itf/^u rm 1 1 tifeiiiii 5 

L-c±BE^}iii±B-Tsra^s^-r§«ii?L;&«^ 20 
L. * e. tcTH c uiae±B^W5 M rm 4 ©sm 
Bttigi5^3^^it*-rs (06 (g) ) o 
[00 4 1] c(D±mm\c^'^vTm6^i^mm (.me 

mtmmiLommt^ji^xfmmmtcmEt^^'^v rm e 

>&^*-r§ (06 (i) ) o COmti^WcCu^cDSS 
^«7%^L (06 (J) ) > CMPii:<fcoTia^ji 
L < fiiamiX^I-C^ilS: C u (® 6 

(k) ) . ■sibKCMPm75!it\c^^rm^r^^ 30 
5 -Ml 3m*-rs (06 (1) ) o ^®±^cieet! 
■r-fe^/^UTffi8^^M'r-5<ii:-c\ 04 (1) tmm 
(Dmmmm-iEtit (06 (m) ) p 

[0 0 4 2] Sfc. 07. 08{i. ^5-Ml 3i:/^U 
TMl 0^-=?7>^i:UT. 06 (e) ~ (g) 

mmtwrn^MmtmntLT. mmmtmmi 

06 (e) (ommifmmtnrcm. (07 

(a) ) > UP7.h I A^mmV (07 (b) ) . S 40 

^•rs (07 (c) ) o ^cm> ST^ftx^yf-yytcj; 
oT^S-H l 3KieilS«/l^-y*J^fiKb (07 

(d) ) , >$^xM s^fsm n^t^ (07 

(e) ) o 

[0 0 4 3] mm^LX. Uz/Xh 1 5^mi5 (07 

(f ) ) . myt. mwic^-^xmm.K(DA^--y:^iyi^ 

Xhi BKmmT^ (07 (g) ) o M^ttx 
•yg^^'^tJc^T/^Urill 0. ^iiMl 2. AU7li 
1 K J^i^J«5CD-8l5^l^*Lr^M?L*J^fiicf5^;i; 50 
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fefcbv^xM 5^^s-r^ (07 (h) ) o *e.ic. 
x>y5^>if^si-rc^-p\ 06 (g) commm^ m 

7 (1) . (J) ) . 

[0 0 4 4] 08 {4. i2«P©S)t%5fefCffofG 

m^(o-mxh^o ±mmmK. me (e) ®«jt*^ 
mm^nrc^ ms (a) ) . i^s^xm 4%MflJL 
(08 (b) ) . myt. mmK^^xmmii(OA^--y 
^\yi>'xhi A\m^ir^ (08 (c) ) o =t(om. a 
?5ttxy 9^y^^'t*oTi5f s-M 1 3 izmm^^'^-y 
^m^h (08 (d) ) . ui^Tshi zmm. m^t 

§ (08 (e) ) o mmKhX. Uv'XM 5^m^ 

(08 (f ) ) , mft. mmizx^xmm<DA^'-y 

:^U-:?7.}' 1 SKB^hrm (08 (g) ) ^ wtKim 

^r^'^~yi)m^^nrcm rm i o lt. 
^^•jTMi 0. *§ii^i 2. /^urm K Ife^^SlC 

i^'Xh 1 S^lt^-rs (08 (h) . (i) ) o *?>lc 

fe6*vi;j^iei^g/-^^_:/;5^^^^tifc^5-Mi 3* 

3:.-j^y^^mt^hX\ 06 (g) (0 

8 (j) ) o 

[0 0 4 5] il®i5*«fi)c*mofeti^. 

-Ki z(D3).xtbK>. mm\ 2. mmmsimmKm, 
nrs^\ hfc-h^-DX. m^immmi 2. mmmsif^iy 

msm 1 2 , miiJi 5 ^mmt^c tm< t^^^x i> 

3 @a«j^^ti®/^y rm 4 ©x>y f->^^ic^3v^ 

T, C u|cMM(i:^^tTb«5«-&t«. 06 (k) 
~ (I) li:M^CMPlc:j;5^5~ffil 3(?)i^*^*5^ 

[0 0 4 6] r^^. '^T.^tr^^^^-mi 3^mmm 
mmt^ c tx. jg.-rL^/^y 7)i*«g?vx^KMffl 

9=y^A -m\r.^n\-cMmL-f\^nwy^^'iM^x^ 
•^TLumhfs'X's>^^ «rc^ >mh%>mrm^\-c9 
5-Jii 3^^M-r^«j^%3j§ie"S«.ii<> 9^~m 

1 3±lc/^U7Ml 0«m^LTfecfcl.\ ± 
m\ Q^^n^^-mx 3«CMPIC<!;-dT!^L^ 

[0047] %m.if>h. ^mm \ 2 ^mm 5 m y 

U y ^''^ 7 1- — i: X V =f-y ^^mMr XUWM t 
mmiL^BMir:S>Ctti'iX^^. 09 (a) |C43(/^T0 

6 ie^ (oimif^mmznrcm. ^j^xm4%^*l 



(9) 



2 0 D 2 - 6 4 1 4 0 
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m9 (b) ) . mMKi:oXWMm(0/^'^-y 

1 4KiB^-r^ (09 (c) ) o ^<o^> m 

^ttx>y^y<^{C<l;oT^^UTffil Otmmmi 20- 
fim ItSfS (H9 (d) ) o RilEbT^ P^^Xf 

uiyxh 1 sKmrnhrdk ms (e) ) . Aurni 

r\ 06 (g) cD«3g;&li§ (H9 (f) ) o MmLfS: 10 

v^A\ iassmig^m®Aoxiis#3b^ji©*a--e%.iRi»c> 

[00 48] c (1 -e. ii^Lfc tc. BE^rife L < it 

X «y f-A^y t j: -3 Tits-r § fci6> mf^T^?>'jmit 
[0 0 4 9] tse*^ vy^9y^-t:^^y^y^K3^-:> 

[0 0 5 0] vrcff-ox. sMmm(oimK»^r/'^v 

(DmmmmicM-r^mwm(Dm9i. mxcommitx^ 
5o :^m^it^i^^xit. wMm(omm^m^^^^'^vr 

mmmiic u y ^'•^ 7 - ^ x >y ^ y ^^ic ^ o r j^fig lt 

[0 0 5 1 ] 0 1 Ot±^ *^ffitcfetJ5|Biji«jt»fffi® 40 

mtvr!:mmt Lx^Lx^?>^ gBi^ttPi^p. mm 

MO (Dm. itmsfi^^n^nm . p» . m^^'^urm 
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[0 0 5 2] l|f*iaiig|55^»fi[S$J5fc»)<?)StixR 



■<2) 



Pm 



(3) 



0. I U I 2x 0§»Cio . Cbij ^ Cii2 ^fflV-'T, 



3i3 ^an 



1 .2 



(5) 



f 



ID 



1 



(6) 



■<7) 



(8) 



(9) 



tr^i^-^ 1 0 J: 1 2 xm^-^H^u^<o^^mm.* 
[0 0 5 3] um.K.^^^^imnmti%. ±ffi<ofiiaR 



(10) 



ffl§2 0 0 2-6 4 1 40 
18 



Put 



)—\w^^ zB^wJiw^ + 2§^f?vl ... (1 1 ) 



II 
+ 



10 



"(13) 



ff^io - f - f I - MfPi« - f 1 - - (1 4) 



30 



■C15) 



[0 0 5 4] l/^*, x«y^/Vy^-rS/1UTIS*^#<*<D 



Mi 



(16) 



(17) 



40 tf^iimx^^o CCX\ Jtm$ittIE©«l?fe«9s :6^-3E 



^ D . B M^Mlu y V ^^^7 7 - ^ X y ^ if-effl 

ji$tlS,«<Di!@WT«. 

W'r-^ + fl- — Fi«M ■■(18) 

2 ^ jCTsmJ 



0< 



Pm 



<1 



(19) 



(20) 



50 ^<fc>3:^#<, ii^-ommmmmrmmtmrnm 



(11) 
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[0 0 5 5] X'y^Al.y^-r5AU T)i!&^«5aif* 

»%-f-[l+^j»V -(21) 

tfS:*). I l^l^MtCUV^^7w-i:x^y^>^l?ffl 
^'■f ^f^"^)^^ -"(23) 

Kiffi <K.i. ^^^Q:^. Km <K.M tEj^^AL 

0<^<1 ...(24) 
< »> < | + 2r^ -C25) 30 

[0 0 5 6] H^teLT. v1Urffi|;&^S#:i:«6il«c(DS{ 

S-^fe5€^lc{i. Si 4©feiffit*SWT«Sl 9 

t ic 2 4 *^5. . 

^*W^<Wr <^*Wj^^2(V^ -(28) 

z i 40 

[GO 5 7] sfc. /^yT)i©^iR^>a@*»j-r-5± 



1fM2002-64 1 40 
20 

fl-^Jw^ -(28) 

v'tUTM^T aNiL/^::l-a•{i^ p» /pBn (i. 
0. 0 1 th^omcrj::^<DX\ jS2 7©fi«(S{^W». 

a, Kio >2Kbii TfeD, ^mcKm >KI0i:V^'5 
M*l^#)t-r§e. Kick /K.ii >0, 5X&^<DX\ 

S 2 8 Offifi 2 Wii * t) t fc*^o 

•r^T aNiS i NO^'^UTttAW^n^Ww . W,> 

[0 0 5 8] c(Dmm^m^^^^wTmicmLx^. 

^(om^commmmco^mi^ d ^ b uimt^^ 

m^^x±m(omi^nmMi^\ 
[0 0 5 9] ±m(Dmnt. mmmommti^mcML 
xmmmxm c t^^mmt ltv^/c*\ wmmm 

y^K^^t^ 1 1 1 2aj;t;i otcMt 

xM>^ ctis^ib. 1 2 gp^)-* 1 0 a5^<fc D /^^ < r §^ 

»W»-<»T<»'n, -(29) 

[0 0 6 0] ^fc. mmixh?>cu(Dcu?mi':mf 
u mmmMt^ctii'^x^^o mi ui^ #-®iE 



21 

r^m^Kit. mi I (a) K^tn^x'?i,z. i zicM 

C u mWM^mi^ C M P L < ax y H 
5 ^itll-r « Ztt. m 11 ( b ) (Di: 5 \cr%V 

Co 0 6 1] ^<t)M^3^)^&fll?.3b^*<fc5^c^ *iiw<Dii 

to 0 6 2] iE^tS*ad'^*/^'Jril843.fctf/^U 

7li4i:IB^TB^«9/^UrJli 1. ^MI13Tffi<Dfu 

g-ftiBf u Ttt;&«iE-r-^*7iu rm 9 1/^ u tm 
1 Q(D^n^nht. mmM(D^mKwmhxmmu^ 

rd^icmmi^x^^'BUti^h^o c u ^s-r^as^i-o/^ 
vTmmm-^ti^mmx^&mt. ^tv^m-om 

[0 0 6 33 Sfc. J:ie®IB^g|5ii|ffi%«5/^UTM. 

mm-o. ±snmmmmm(Dmmmmizit. -«s 

A r -r:ry^l^fflV^TTl<^)C u ±ffi*ii*Hi:x >y 

m^^mmLx±mmmmmmt^o 
[0 0 6 4] cc-e. mmnmti^^^'sn^ammB 

A r4tymmcMrmmm<. mm^^i^xu 
mwmmmmmmmicit-<xcn^mmtxmKmf 50 
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;P%x-yf-/^y^-^-rfi:-?-tr)$$ C u^i^mt^m^O 
[006 5] 

immmi ±.mLrc:^^(omm(ommK-oi^x-^p>K 

mmmic'oi.^xmmm^^^xmmt^o 
[0 0 6 6] mmm 1 3 . *«w<?)^ 1 ®^st«!i 

t^§¥#*gs®®ji^^feKo)/^T. 0 1 zmm 1 
3 ^mmLxmmt^o m 1 2 0 1 3 n 1 (om 

mmx&K). #H©ii5#±. ^sLfcfco-^^^o 01 

2 (a) tcf^t-ct^lc. «?*«figL;rc^«i*»E± 
S i OzMl 6, Si ONMl 7^/li^?^U U 

1 8. wMi 9«^MLfe^^. simtt(^i-®^j*wji 

[0067] ^(D±lC. TieHD o w C h e m i c a 1 
S 1 1 k & r e g)l 2 O^^^^lC ioTfiKH ttc 

ti. >^9XvCVDj5lfcci:oTS i N)12 1*«U 

y y^^^-f-iis^ttxyg^y^'t j;oT^ 1 (Dmm. 
m<omm^mmir^ cm 12 (b) ) o s 1 1 k & r 

CD'; y^*v7i'— mcS i 1 k & r e g )l2 oaa»C 
-r^t*-^. S i NM2 l±-^lxS^Xh©M 

(D&.m.'ftitim u^m^K-E-iyi^y^^ h mrnvxti^ e. 
»ie<?) u y -^ff 5 c i^^T't 5o t fc> s i 

ONMi Tit. M;^ttxy9^y^^{cfeltSiaiPJSffii? 

[0 0 6 8] ij^tc. KSSKrt-eA r -r^tytc j;oTS 

m^mmc^^yf-y-^f-r^ o ^;ic ^ t. w:/^ ^ 1 9 

Sffi©ifrfft^ffV\ K^%«-:5fcS$. T a/T a N 

iwaa^cD/'jy Tp< ^;Hi 2 2 X c uM^;^/^y 

cfc ^ x&m^wm-mxmmncmt^o c 

C u ^figH-r §o C<DmiC CMP fci: oTiBgSll^iJt^ 

©^Sl* C u :j3 J; tf/^ Vr:^^' )Vm 2 2 ^1 

mmmmm-r^ mi 2 u)) . c(Dtt. s in 

JI2 UiCMPKfel5-5Xh>y/^i:LTat|-r§o 
[0 0 6 9] ^te. ^«ffi{c::/vX^eVDSICioT 
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s 1 cmz A^m^t^ mi 2 cd) ) „ s i cm2 
414. ^ iiaiiJi©c u 2 3<r)±m^mmt^mi^w 

CO 0 7 0] Si 1 k&r e gM2 5, S i CM 

2 6> SI 1 k & f e gM2 7. S i NJ^2 8. t I N 
M2 9 S 1 1 k & r e gUtt^^^tcl ctoT. 

S i cm. S i NM{i:/^XvC V DStC JCoT. T 1 

(e) ) p 

K^-oxi i NJ12 9*^2gaiSS®ia^»©/-^^->' 

(CjtaXfS (012 (f) ) o C<DT 1 N)i2 9C»S?? 
ttxyg^y^^tC^SV^T. S i NM2 8(ix>y9^Xh'y/^ 
^LTtitB-r^o 0>J^tfs HB r XzWtm^^Z. 
}L\Li.-DX. S i Ni)^X>y^yif^tlfc<(/^*#T'T 1 

[0 0 7 2] U y i''^7^'-tC<fcoTIx'S>X h 3 

0^^ 1 -2iBiiSMOMm<o/^^->ti:inx-rs 
(01 2 (g) ) o <itDUy^v:7>r-t<:fei/^Tfe^ffi 

S i NM 2 8 * fcfJ T i NM 2 9 -eat)nTV>§/£ 20 
S 1 1 k & r e gMt*afS^^lt:9:V\ 
[0 0 7 3] :^{c:. S:^ftx^y^>^lCj;^T, S 1 N 
2 8M. S i 1 k& r e gK2 7. S i CM2 6^ S i 
1 k & r e gM2 5©-g|3*Jlfim*tT. ^ 1 - 2IH 
^SP50Sm®±g|3%m-r§ (HI 2 (h) ) o C 

*^x>y^>'i''$nic < v>^ff-?-tft)ti§o m^iiyfit 

Vii!]~t^yn^<D:ff7.^m\^^^^tX\ T 1 N*^xy^y 
4f:^*xK< V>. S lffi^itOi»/^MOX>y^>'^*^5rtl 

S i CM2 6 0X'y^>'>/**^+^i||Tb^ 30 
S i 1 k & r e gli2 5(Ds.y^y-if''timrir^limK 

5 i c M^^x y 9^ y ntc < v^^ff ^ffl V v§ c t K J: 
oT. S 1 CM2 4*x^yg^>i*^X>>y>'^i:LTfflV''5 
C hifXt^o S i 1 k & r e glSOcfc 5 

Z.t»X%^o c:iir% Si 1 k & r e gM2 5 ti^^ 
li«E^?icD}^^t:tett§ S 1 1 k & r e g)l2 7 ©X 

y^>iffc:43t^Tt>. n^tx-yg^y^f^mc^e^n 40 

^iS^hXh^o ^Si^. h 3 0 Silk 

6 r e gM2 7. S i 1 k & r e gJi2 SOxyg^y^^" 
^Kif^fe-r-Si^te^^nSo Si 1 k & r e gJl© 

x^y^y^^nw^*mi:*5v^Ta> mmiDXh^u 
i^xhitimno^y^y-iftn'Pir\^\ s inM28*^ 
u-v^x h 3 o©/•^^-y^§ltig^/^fcm^i^ s i nM*^ 
x»y i^yirtmc < v^^ff^Mf/^^ ci i: t i o Ui^ 
X h3 o*^?i^fife s i nmz 8itfi-?xi7iir£^xm^ 

ttx-y^>'^%itffT?#So 
[0 0 7 4] T i N)i2 g^-TXi'i: tTx S 1 50 
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NJ12 8:^mzmmm<Dmmm<D/^^-yicfsaxL. m 

^LTT i N)Si2 9iS i Nfi2 8©W^%-?X^fcL 

TS i 1 k & r e gK2 7 ;&x-yf-y>^'LT. mzmW. 

m(Dmmm^ir^o (a 1 2 ( i ) ) coxy^> 

^fcfeV^T, S i C{i2 6iJ:xy^y^Xh'y>'^ttT 

«iii-r n^tc. ^1-2 mmmm(DmmiLtis:^ s 

i 1 k & r e gii2 SCOX-yg^-^^li, c:©X@tc:feV'' 
T+^^7^^So CCD^-a-S i C^2 4A^X>y^Xh 

[0 0 7 5] T i nii'^-^^mrms 1 n 
2ia«igcDga^?i*5j;t;B 1 -zmmmmKDiHm^m 

m-r^i: ^icmhtcm. S:^ttx>y^i/^^ic J:oT^ 

2Mmm(Dmmm^^xfm 1 - 2B^@e?L<oiJga5tc 
T i N/^v rms 1 B 1 - 2jiM@iE 

?L^ffi©T iN/^Ur)g3 l^m^t^ (HI 2 

(j) ) o 

[0 0 7 6] :kic. m 1 - 2jlKgM?L®)gffi©S i C 
M2 4*S:^ttX>yg^>^lCJc^T^*b-C. ^11^ 

»(D±^mm^mm'^^ mi s (k) ) „ c®a 
s 1 NM2 1 ax hy/^t Lxmmt^o 

[0 0 7 7] M^mmPiXA r -ityiZii^XU 

c uE^2 3 \t^'<ir^m2^m^(omm^^m<Dmw 

XSW. 1 - 2 BKSMtFL® i%ffi^S«-r § <}; 5 ic. X/i-y 

i o 2 SB^ScDESPfeJ; t?m 1 - 2 SHSm^^ 
«4&Et? J; 5 C u 3 2 %«L> ^ 2 IB^«©iai» 

fe<fetfii 1 -2mmmm^u}m<o^mt^c u^* 

i NM2 9^CMPKJ;oT#*-r^ (Hi 3 
(1) ) o C:€)CMPlc:feV>T. S iNM2 8ttXh>y 

[0 0 7 8] :^IC. ^ffitl/vXvCVD^feiCjCoTS 

i CM3 3*^ll-r5 (H 1 3 (m) ) o S i C)l3 3 

^ziSi^cic ua53 z(D}M^mt^m\-^n 

[0 0 7 9] J-XT. H 1 2 (e) ~H 1 3 ( 1 ) -^Xh 

nm.(Di:m^m<om'r^t\zi:-^x. ^zummtmm 
t^msumm^Bm^ mi 3 (n) ) ^ z^\m 

[0080] mmm 2 ] :^^ic, immo^ 2 (ommm 
\c%:^^m^mm<Dmmmiz-o\^^x. hi Am^mi 

5-^^mhxmmf^o mi 4Rt?Hi ^20^ 

ffiHT^^O. #H©IP^±. ^HL/c:«>©'T?35§o HI 
4 ( a) ic^-rj:5{C. }|7«J^^Lfc^ti»#»«Ji 

ic, s i 0 2M3 4. s i CMS s^mkimu yy 



(14) 
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7^i:XfT 1 NJ13 e^CM PlC.toTi^^'rSCati: 

[0 0 8 l 3 ^©ifcs yv;CvcvD^lcj;oT^>' 
^/l/^VLltfy (Benzocyc lobutene : 
B C B) )13 8 *«MLfcfg. y^XvC V Dffi{t<i:o 

TS i C113 9>&^ML. uy^'^7'r-i:E;?14x^y 

ICWy^^*3 7£D±ffi^«tH$-&^ (014 (b) ) o 10 

B c B)ife s i 1 k & r e g •.mtmmic^ms^^m 
K-k^-r^f^K cow ^yy^— mats i cms 5 

if'±mL^^(DVBc B«3 simmicmn-f. 

CO 0 8 2] :kK^ mmmwstm-^s i cji4 o 
iiaijis 1 c)i4 o^^#$-&oo. wy^^^'s 7 -h 

CD. ■r:&^9'^E^SSa5©S i C«4 0^^*-rSo C 

mts i CM 3 5:6^ mmmcos i cm4 o'rmmits 

C M 4 0 ®x>y f - y i'li J5 § SfiiiPJ t ?t d § 

M3 5fej:tf s i cms 9(DmtitmM^n^'jmii^& so 

[O 0 8 3] i^t. XS^Brt"^-A v 4:^y\n^-DX^ 

ffi*fi*vfcx y f-y^-r s c a cfc o T, w:/9 ^37 

mm<ommt-^fi^\ c u 4 1 mm 

^miW^nWLW^ (M e t a 1 - o r g a n 1 c C 
hemical VaporDeposition:M 

ocvD) \zs:-z>x. uwm^m^Thts^o\z.m&±m 
xz^mt^o c (omc c M p t j: o xmm.MiH&Lif\-(D^ 
mcuitSL. mimmm^m^t^ mi 4 

(c) ) p CCOi:^. S 1 CM3 9{iCMPiCfeltSX 40 

[0 0 8 43 :^OTcp^^XvCVDatcj;oT 
S i CM4 2^^-r5 (01 4 (d) ) o S i C)i4 

2 It. mimmmoc u^ai (D±m^ws.t?>mi^ 

[0 0 8 5] mn. y^XvC VDffitJCoTBCBM 
4 3. SI CmA 4. BCBM4 5. S i CMA 6, S 
i O2M4 T^mkm.t^ (014 (e) ) o 

[0 0 8 6] ^ic. y v^^'77^-i:S:^ttx>yg^y^~ 

icjcoTs i ozmA T^mzwrnma^mmfo/^^- so 
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ytCiDXLt§ (01 4 (f ) ) o C©S i 02«4 7 
©S:35ttx>yf-y^{c43i/'»T. S 1 Clii4 6{l:i>y^X 
b-y/^iiLTlitgl-So $fc. *«Wc{iS I CM 4 
6. S 1 O2II4 7L*^^mL^«.^©Ts UJ^XKOPJ 
fi^Cieicfel^^TB C B JiAW«n^l>o 
[008 7] . U y ^"vy f ~\Z <fc c T Vi>~X b * 

^1-2 isesw©^M7L©/'?^-yKADx-r 5 (0 1 

4 (g) ) o il©Uy^^7-i'-t:teV^TfcSffi{i:S i 
CM4 6Sfc{iS i 02M4 7Tat5^^TV^Sf^:fe^ B 

c BMa»«^Sft:&t/\ 

[0 0 8 8] -mt. S^14x<y^y^{Cj;-pT. S i C 
1146. BCBM45, S1CM44, BCBM43© 

-mmmmiihx. bi - 2iE^H(D^m©±gP 
^^mr^ (01 4 (h) ) o (L<Dm^3Ly^y^\t 

*5V^T{i> m±M<DS i 02M4 77b^X>y^y^^infC 
< t^^#-??tf*ti§a ^*5. Vi?XVAS(r>mmxt. S 
i C«4 4C0X>y^>^M7m. BC BM4 3<DX-yf- 

y^^ftijj:?i*-r§ j;5Jc^i?ti§o s i c 4 eM^^u- 

S?Xb4 8©/ii5f-y*?|#i^V^:f£#. S i CM*^x>y 

f-y ^sntc < c iT% Pi^*x h 4 8 

m^^fes i cM4 6*^TX^i:*oTS:&ftx-yg^y 
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